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Discontinuous metering of catalysts and process auxiliaries Into a gas-phase fluidized-bed 



reactor 



The present invention relates to a method of metering at least one solid, particulate catalyst 
5 and/or process auxiliary into a reactor containing a fluidized bed of particles in an at least partly 
gaseous medium, in which the catalyst and/or process auxiliary is introduced discontinuously at 
prescribed time intervals into the fluidized bed at at least one metering! point A polymerization 
process for preparing ethylene or propene homopolymers or copolymers and an apparatus for 
carrying out the process are also provided. 



Gas-phase polymerization processes are economical processes for the polymerization of ethene 
and propene' or for the copolymerization of ethene or propene with other C2-C8ra-olefins. Such 
gas-phase polymerization processes can be configured as, in particular, gas-phase fluidized-bed 
processes in which the polymer particles are kept in suspension by means of a suitable gas 
15 stream. Processes of this type are described, for example, in EP-A-0 475 603, EP-A-0 089 691 
and EP-A-0 571 826. 

To carry out the polymerization reaction, a catalyst and possibly a cocatalyst is/are required. The 
catalyst has to be fed into the fluidized bed in some way. Continuous and discontinuous methods 
20 are customary for this purpose. 

EP 226 935 B1 describes, for example, a discontinuous catalyst metering apparatus in which a 
shaft which can be rotated alternately by 180^ has two depressions which are located on opposite 
sides and take up the catalyst on the side facing the reservoir unit and, after rotation, releiase it 
25 again on the side facing the valve unit, i.e. the interior of the reactor. During metering, an amount 
of catalyst corresponding to the volume of the depression and the rotational frequency of the shaft 
is metered into the reactor by means of the pressurized inert gas. 

A disadvantage of this metering method Is that a region of very high catalyst concentration is 
30 fomfied at the metering point directly after introduction of the catalyst into the fluidized bed, which 
in the case of highly active catalysts leads to fonnation of polymer particles having a high surface 
temperature (hot spots). These hot spots can conglutinate to form lumps or lead to deposits on 
the reactor wall or on the temperature probes. Lumps or deposits falling off the reactor wall can 
block the outlet or be the cause of a big pellet. In both cases, the reactor has to be shut down. 
35 Deposits on temperature probes cause false indication of high temperatures, which likewise leads 
to shutdown of the reactor. 

EP 811 637 B1 describes a method of preventing liquid catalysts from depositing on polymer 



particles already present in the reactor and leading, as a result of increased polymerization, to 

40 



10 



CONFIRMATION COPY 



wo 2004/092229 



2 



PCT/EP2004/003933 



oversize particles which can no longer be fluidized. Deposition on the polymer particles is 
prevented by the liquid catalyst present in a gas being surrounded by a further gas which keeps 
the particles of the fluidized bed away from the region of the fluidized bed into which the liquid 
catalyst is sprayed as fine droplets. While in the case of introduction of liquid catalysts, the 
5 formation of new particle nuclei and the control of the size of the particle nuclei to be formed are 
the main concerns, in the case of solid, particulate catalysts very good distribution of the catalyst 
particles in the fluidized bed is the most important Issue. 

It is an object of the present invention to overcome the abovementioned disadvantages of the 
10 prior art in the introduction of solid, particulate catalysts and to provide a method and an 
apparatus by means of which these high local catalyst concentrations can be avoided in the 
metered addition. 

We have found that this object Is achieved in the method of the present invention of metering at 
15 least one solid, particulate catalyst and/or process auxiliary into a reactor containing a fluidized 
bed of particles in an at least partly gaseous medium, in which the catalyst and/or process 
auxiliary Is metered discontinuously at prescribed time intervals into the fluidized bed at at least 
one metering point, by a fluid stream in each case being introduced into the reactor so that a 
region having a reduced particle density can form in the fluidized bed around the metering point or 
20 points and the catalyst or catalysts and/or process auxiliary or process auxiliaries is subsequently 
metered into this region. 

in the following, metering will be referred to as a metering of catalysts in the interests of 
simplification, but this is In each case also Intended to encompass the metering of process 
25 auxiliaries alone or in combination with the catalyst. 

As a result of the prior continuous or discontinuous introduction of a liquid stream ("preblowing") 
before the actual metered addition of the catalyst ("metering"), the catalyst can, starting from one 
metering point, penetrate significantly deeper into the fluidized bed due to the reduced particle 

30 density. In this way, the catalyst Is distributed significantly better in the reactor, particularly In the 
radial direction, so that the risk of fomiation of high local catalyst concentrations Is significantly 
reduced. For the purposes of the method of the present Invention, It Is Important that the particle- 
reduced region in the fluidized bed is formed first and the catalyst is then metered into this region, 
while simultaneous introduction of the fluid stream and the catalyst into the reactor would not give 

35 the successful result according to the present invention. 

The method is particularly useful for metering a catalyst into a fluidized-bed reactor for the 
preparation of polymers, in particular polyolefins, without being restricted to this application. 
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Rather, the method can be employed generally for all fluidized-bed processes in which a catalyst 
has to be metered very unifomnly into a fluidized bed of reaction mixture. 

The catalyst which can be used for metering according to the present invention is not restricted to 
5 a particular type of catalyst, but It can be applied generally to all known catalysts which are 

suitable for metering into a gas-phase fluidized bed. The only prerequisite is that the catalysts are 
in a form which make metered addition possible. They are preferably supported or unsupported 
catalysts which are In the form of free-flowing solids. 

10 Further preference is given to the use of a solid, free-flowing catalyst which is suitable for the 
polymerization of a-olefins. Possible catalysts are alt known catalysts as are customarily used for 
(co)polymerizatlon of ethylene and propene, I.e., for example, Zlegler-Natta catalysts, chromium 
catalysts or metallocene catalysts. These catalysts, including necessary or advantageous 
cocatalysts and activators, are known to those skilled In the art. These catalysts can also be used 

1 5 together with metal alkyls, in particular aluminum alkyls, which serve as cocatalysts and/or as 
scavengers for impurities. These catalysts are preferably used in supported form, for example on 
support materials such as inorganic oxides (e.g. MgO, or silica gel), MgCl2, magnesium ethoxide 
or organic polymers (e.g. polyethylene particles). Preference is given to application to silica gel, 
MgCl2 or MgO as support. However, the catalysts can also be metered into the reactor in 

20 unsupported solid form. Other additives as are known to those skilled in the art can also be used 
in the polymerization process of the present invention. The use of additives which reduce 
electrostatic charging of the polymer particles in the reactor has been found to be particularly 
advantageous. The use of an antistatic such as Costelan AS 100 (supplier: H. Costenoble GmbH 
& Co KG. Genmany) is particularly helpful. The particle size of the catalysts is usually from 5 to 

25 200 //m, preferably from 20 to 80 //m. 

The process auxiliary or auxiliaries which can be used for the metering method of the present 
invention is, according to the present Invention, likewise not restricted to a particular type of 
process auxiliary but encompasses all known' process auxiliaries which are advantageous in the 

30 reaction carried out in the reactor and are suitable for metering into a gas-phase fluidized bed. 
The only proviso Is that the process auxiliaries are In a form which makes metering possible. In 
the case of process auxiliaries which are suitable for polymerization, in particular of polyolefins, 
these can be, for example, alkyi compounds such as triethylaluminum, antistatics, catalyst 
poisons and the like, without being restricted thereto. Particular preference Is given to making the 

35 process auxiliaries suitable for metering by applying them to an inert support. It is also possible to 
meter process auxiliaries and catalysts simultaneously. 

According to the present invention, the fluid stream can in principle be fonmed by any fluid or fluid 
mixture which is inert during the metered addition and is in the gaseous state at equilibrium under 
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the pressure, the temperature and the composition of matter prevailing In the reactor. The fluid Is 
preferably a permanent gas. For olefin polymerization, particular preference is given to, for 
example, nitrogen, methane, ettiane or the like, so that there is no risk of premature 
• polymerization in the feed lines. It can also be particularly useful to employ any gas which is in the 

5 liquid state on being fed in but vaporizes immediately in the reactor under the conditions 

prevailing there. Particular preference is in this case given to the use of propane which has been 
liquefied under pressure and is depressurized and thus vaporized on introduction into the reactor. 
Furflier preference Is given to metered addition using propane which is in the supercritical state in 
the metering apparatus and is depressurized into the reactor. A mixture of various fluids, in 

10 pariicular a permanent gas and a gas liquified under pressure, can likewise be advantageous, 
depending on the type of fluidized bed or of the catalyst to be metered in. 

A gas'phase fluidized bed usually comprises particles kept in suspension in the gas phase by 
means of a gas stream. According to the present invention, the fluidized bed may comprise not 
15 only a gas or a gas mixture but also condensed material, as long as this does not adversely affect 
the formation of the region having a reduced particle density. 

The type of particles from which the fluidized bed Is fonned plays only a subordinate role for 
application of the method of the present invention, as long as a region having a substantially 
20 reduced particle density or even an essentially particle-free region which allows the catalyst to 
penetrate relatively deeply Into the fluidized bed can be formed by means of the preblowing. The 
method of the present Invention can also be applied to all types of fluidized bed, regardless of 
whether these are in a turbulent, laminar or other operating state. 

25 The method of the present invention is preferably used for metering catalysts and/or process 
auxiliaries into a fluidized bed comprising solid particles, in particular polymer particles. Particular 
preference is given to metering catalysts and/or process auxiliaries into a gas-phase fluidized-bed 
reactor for olefin polymerization, as is described in detail in. for example, EP-A-0 475 603, EP-A- 
0 089 691 or EP-A-0 571 826. The method of the present invention can also be used analogously 

30 in stirred gas-phase polymerization processes. 

The degree to which the particle density has to be reduced in order to obtain an improvement in 
the metered addition depends greatly on the particle density of the fluidized bed and on the mass 
and size of the catalyst particles. Under the conditions customary for olefin polymerization, the 
35 particle densities in the fluidized bed are usually from about 0.2 to 0.4 g/cm^. The particle density 
in the density-reduced region of the fluidized bed should be reduced below 0.15 g/cm^ to achieve 
improved distribution of the catalyst particles. Preference is given to generating a particle density 
of below 0.1 g/cm®, more preferably below 0.05 g/cm^ in particular below 0.01 g/cm®, by means of 
the fluid. However, generation of an essentially particle-free region Into which the catalyst is then 
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metered is most preferred, since tlie penetration depth into the fluidized bed and the distribution in 
the fluidized bed is particularly good in this case. In general, the distribution of the catalyst in the 
fluidized bed is better, the freer of particles the region into which the catalyst is metered. 

5 As long as the density of the gas in the fluidized bed is significantly below the particle density, 
which is, in particular, the case at pressures up to 10 MPa. the pressure in the reactor likewise 
plays a negligible role. However, the lower the pressure in the reactor, the easier It is to generate 
a region of reduced density in the fluidized bed by means of a fluid. Preference is given to a 
pressure difference of 0.2-0.4 MPa (2-4 bar) between the metering pressure, i.e. the pressure 

10 under which the fluid is, and the reactor pressure. 

While the metered addition of the catalyst is discontinuous according to the present invention, the 
introduction of the fluid stream (preblowing) can be carried out continuously or discontinuously, so 
that the catalyst is either metered into a continuously maintained region of reduced pariicle 

15 density in the fluidized bed, or the region of reduced particle density in the fluidized bed is formed 
discontinuously, In each case prior to each introduction of the catalyst. Here, the time between 
preblowing and the metered addition of the catalyst has to be selected so that there is sufficient 
time for the density-reduced region to be formed. In addition, in the case of discontinuous 
preblowing, the fluid stream either has to be maintained to the end of the addition of catalyst or 

20 the time between the end of the introduction of the fluid stream and the commencement of 

catalyst addition has to be sufficiently shori for the region of reduced pariicle density not to have 
broken down again or been transported by means of the can-ier gas from the region of the 
fluidized bed into which the catalyst is metered. 

25 Preference is given to discontinuous preblowing. Particular preference is given to the fluid being. 
Introduced discontinuously for a period of from 0.5 to 60 s with a delay of from 0.5 to 3 s after the 
commencement of introduction of the fluid stream before the catalyst is metered in. 

According to the present invention, the catalyst can be metered in by means of the same fluid 
30 stream used for preblowing, or with the aid of a further fluid .stream. The catalyst is preferably 
metered Into the reactor by means of the fluid stream itself. Preference is likewise given to the 
fluid stream being introduced into the fluidized bed essentially concentrically around the metering 
point for the catalyst and effecting introduction of the catalyst at the metering point by means of a 
furiher fluid stream. 

35 

Furthermore, the catalyst is preferably not metered in directly at the interior wall of the reactor but 
at a distance of at least 1 cm, particulariy preferably from 2 to 1 00 cm, most preferably from 3 to 
50 cm, from the interior wall of the reactor, by which means better distribution of the catalyst in the 
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fluidized bed is achieved. The inert gas stream can lil<ewise be Introduced at a distance of at least 
1 cm from the interior wali of the reactor, e.g. via a lance. 

A further aspect of the present invention is a continuous polymerization process for preparing 
5 ethylene and propylene homopolymers and copolymers, in which ethylene, propylene or mixtures 
comprising ethylene or propylene and other C2-CB-a-olefins are polymerized at from 30 to 150"C 
and a pressure of from 0.5 to 6 M Pa in the presence of a catalyst in a gas-phase fluidized-bed 
reactor containing a bed of finely divided polymer, with the above-described method being 
employed for metering in the catalyst and/or process auxiliary. 

10 

The present invention further provides an apparatus for carrying out the abovementioned process. 
This comprises a gas-phase fluidized-bed reactor containing a fluidized bed of particles in a 
reactor gas, where the reactor has a wall which is arranged essentially parallel to the flow 
direction of the reactor gas and bounds the fluidized bed. In addition, the apparatus comprises at 

1 5 least one reservoir unit for storing at least one catalyst and/or process auxiliary, a portioning unit 
for providing portions of the catalyst and/or process auxiliary in a prescribed amount, which is 
connected to the reservoir unit or units by a first connecting line, a valve unit for introducing the 
portions of catalyst and/or process auxiliary into the fluidized bed of the reactor at at least one 
metering point, where the valve unit is connected to the portioning unit by a second connecting 

20 line and is connected to the reactor at the metering point or points, and a fluid feed iine through 
which a fluid, in particular an inert gas, can be fed to the reservoir unit and the second connecting 
line. The metering point or points is/are located at least 1 cm from the wali of the reactor, so that 
the catalyst is not metered into the wall region of the fluidized bed having reduced convection. 
Instead, the catalyst and/or process auxiliary is as far as possible metered into a region of the 

25 catalyst bed which Is.- influenced or calmed by the interior wall of the reactor to only a very small 
extent, If at all. 

The metering point is preferably located from 2 to 100 cm from the wall. The wall is preferably 
fomned by a tubular reactor interior wall arranged vertically in space and the metering point 
30 advantageously extends radially from the reactor interior wall into the reactor or.the fluidized bed. 

In a preferred embodiment of the metering apparatus of the present invention, one or more fluid 
introduction points for the introduction of the fluid stream are provided essentially in the form of an 
annuius around the metering point for the catalyst. 

35 

The apparatus and method of the invention will be illustrated below for the metering of a 
polymerization catalyst with the aid of the figures, without the Invention being restricted to these 
embodiments. 
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In the figures: 

Fig. 1 schematically shows one embodiment of a metering apparatus according to the present 

invention with a reactor for the synthesis of polyolefins, 
5 Fig. 2 shows an embodiment of the portioning unit of the metering apparatus shown in fig. 1 . 
Fig. 3 shows a further embodiment of the portioning unit of the metering apparatus shown in 

fig. 1. 

Fig. 4 shows a first embodiment of the valve unit of the metering apparatus shown in fig. 1 , 
Fig. 5 shows a second embodiment of the valve unit of the metering apparatus shown in fig. 1 
10 with a metering point projecting beyond the interior wall of the reactor, 

Fig. 6 shows a third embodiment of the valve unit of the metering apparatus shown in fig. 1 

with a metering point projecting beyond the Interior wall of the reactor and additional 

preblowing of fluid. 

Fig. 7 shows a fourth embodiment of the valve unit of the metering apparatus shown in fig. 1 
15 with a metering point projecting beyond the interior wall of the reactor and introduction of 

fluid in an annulus around the metering point, 
Rg. 8 shows an embodiment of a metering apparatus without a valve unit for continuous 

preblowing. 

20 Fig. 1 depicts an overview of a gas-phase fluidized-bed reactor for the polymerization of ethylene, 
which is provided with a metering apparatus which in principle corresponds to that described In 
EP 226 935 B1 and which can be used with small modifications for carrying out the method of the . 
present Invention. The metering apparatus comprises the elements reservoir unit 1a, portioning 
unit 1b and valve unit 1c. 



25 



30 



In general, a gas-phase fiuidized-bed reactor 5 is a tube of varying length which is anranged 
vertically in space and through which circulated reactor gas flows. In general, the circulated 
reactor gas is fed in at the lower end of the gas-phase fluidized-bed reactor and is tal<en off again 
at its upper end. The fluidized bed 1 1 is bounded by the interior wall 9 of the reactor (cf. fig. 4). 



In the case of the polymerization of a-olefins, the circulated reactor gas Is usually a mbcture of 
ethene or propene, If desired a molecular weight regulator such as hydrogen and inert gases such 
as nitrogen and/or saturated hydrocarbons such as ethane, propane, butane, pentane or hexane. 
In addition, the reactor gas can further comprise Ca-Ca-a-olefins such as propene, 1-butene, 
35 1-pentene, 2-or-monoolefins such as propene, 1-butene, 1-pentene, 2-methylpentene, 1-hexene. 
1-heptene and 1-octene as comonomers. Preference is given to a process in which ethylene is 
copolymerlzed with 1-hexene or 1*butene. The velocity of the reactor gas has to be sufficiently 
high to fluidize a thoroughly mixed bed of finely divided polymer which is located In the tube and 
serves as polymerization zone and, secondly, to remove the heat of polymerization effectively. 
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To set constant reaction conditions, the constituents of the reactor gas can be fed directly Into the 
gas-phase fluidlzed-bed reactor or via the circulated reactor gas. 

Furthermore, the amount of catalyst metered In determines the product output of the gas-phase 
5 fluldized-bed reactor. Its capacity Is known to be limited by the cooling capacity of the circulated 
reactor gas. This cooling capacity depends, firstly, on the pressure of the reactor gas or at which 
the (co)polymerization is carried out. It Is generally advisable to work at pressures of from 0.1 to 
10 MPa, preferably from 1 to 8 MPa and in particular from 1.5 to 5 MPa. In addition, the cooling 
capacity depends on the temperature at which the (co)polymeri2ation in the fluldlzed bed Is 
10 can-led out. In the process of the present invention, it is advantageous to employ temperatures of 
from 30 to 125X. particularly preferably from 75 to 1 18°C. with temperatures in the upper part of 
this range preferably being set for copolymers of relatively high density and temperatures In the 
lower part of this range preferably being set for copolymers of relatively low density. 

15 Apart from the temperature, the proportion of inert gases such as nitrogen or inert hydrocarbons 
has an Influence on the risk of occurrence of conglutination and deposits. High proportions of inert 
gas can reduce the risk of deposits, but at the same time can adversely affect the space-time 
yield as a result of low catalyst productivities, so that the process can become uneconomical. In 
the process of the present invention, the proportion of inert gas is preferably from 15 to 75% by 

20 volume, particularly preferably from 35 to 50% by volume, based on the total volume of the 
reaction gas. 

Figure 2 shows a detail of the portioning unit lb. It fomis a shaft 2 which Is sealed in a housing by 
means of sealing rings and glands and can be alternately rotated through 180" and Is provided 
25 with two depressions 3a and 3b on opposite sides. The altemating motion Is achieved by means 
of a drive which is not shown. As an alternative to the depicted portioning unit lb with two 
depressions 3a. 3b opposite one another, it is possible to provide only one depression. This can 
be significantly deeper, so that larger metered amounts can be achieved at the same shaft 
diameter. 

30 

Figure 3 shows an alternative embodiment of the positioning unit 1 b. It can be made from a 
commercial ball valve by replacing the inner part with a through hole by an Inner part having the 
depressions 3a. 3b. Instead of a ball valve, it Is also possible to use a valve with a plug. 

35 Figure 4 shows a first embodiment of the valve unit 1 c. This comprises the actual nozzle 1 3 and a 
flange 14 which Is provided with a cylindrical hole and is located between the nozzle 13 and the 
reactor 5. The valve unit 1c is connected to the reactor 5 in a gastight manner. This nozzle 13 
fomns a cylindrical hollow space 4 which is sealed by means of sealing rings and a gland and runs 
in a nozzle shape In the direction of the reactor 5 which is under a pressure of from about 1 .5 to 
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5 MPa. In this hollow space 4, there is arranged a spindle 6 which is positioned concentrically with 
the hollow space 4 and the nozzle-shaped inlet and can be moved back and forth by means of a 
drive, with the spindle 6 in the zero position closing off the nozzle and thus the entire metering 
space in an absolutely gastlght manner against the flange 14 and the reactor 5. The flange 14 
5 serves to achieve very uniform and deep penetration of the fluid stream during preblowing by 
preventing radial spreading-out of the fluid behind the nozzle and ensuring that a parallel fluid Jet 
can be formed. 

Between the reservoir unit la and the portioning unit lb on the one hand and the portioning unit 
10 1b and the vaive unit 1c on the other hand there are connecting lines 7a and 7b. The reservoir 
unit la and the connecting line 7b are equipped with feed lines 8a and 8b for inert gas in which 
the pressure is higher than the pressure in the reactor 5, with the absolute value of this pressure 
being adjustable. 

15 The valve unit 1c can be arranged flush with the interior wall 9 of the reactor as described in 
EP 226 935 B1 and depicted In figure 4. Since lltUe turbulence Is observed at the wall, the 
metering point 10 of the valve unit 1c can, in one variant, project a distance x of from 1 to 100 cm, 
preferably from 3 to 50 cm, beyond the interior wall 9 of the reactor into the interior of the reactor, 
preferably in a radial direction, which leads to introduction of the catalyst occurring at a greater 

20 distance from the Interior wall 9 of the reactor and thus Into a region of the fluidized bed having 
high turbulence. This enables better and more rapid dispersion of the catalyst In the fluidized bed 
and thus more unlfomn operation of the reactor. The distance x depends on the reactor diameter 
and on the turi^ulence of the fluidized bed. While advantageous effects can be achieved by a 
distance of 1 cm in the case of relatively small and relatively turt^ulent reactors, in the case of 

25 production reactors It can be more advantageous to choose, for example, a distance of 50 cm. 

The method of the present invention is explained below for use of the discontinuous metering 
apparatus described above in figures 1, 2, 4 and 5, but it Is emphasized that the method can also 
be carried out using other apparatuses. The valve unit 1c opens the connection between the 

30 metering space, which is fonned by the hollow space 4 and.the lines 7b and 8b,«and the reactor 5 
so that the Inert gas, which is under superatmospheric pressure, can flow into the reactor as a 
result of the pressure drop. Here, the inert gas effectively Introduces a gas bubble, La. an * 
essentially particle-free region, into the fluidized bed (preblowing). After a few seconds, delay, the 
shaft 2 of the portioning unit lb is rotated through 180°, which results in the respective catalyst- 

35 filled depression 3a. 3b being connected to the metering space. The catalyst is blown into the gas 
bubble by means of the inert gas and becomes distributed unifomnly over the bubble wall. After 
about two to ten seconds of opening time, the valve unit 1c closes again. The length of the delay 
time and the opening time of the valve unit 1c can be varied and depends essentially on the 
geometry of the reactor used, the reaction conditions, the gas velocity, the density of the fluidized 
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bed and the throughput. The delay time is normally in the range from 0.5 to 10 s, preferably from 
1 to 2 s. A decisive factor is that the addition of the catalyst is carried out after a delay which 
allows the formation of a stable, essentially particle-free region in the fluidlzed bed into which the 
catalyst is introduced. The opening time of the valve unit 1c has to be selected so that the amount 
5 of catalyst present in the depression 3a, 3b goes into the reactor 5 with each metering operation. 

In contrast, the method of the prior art proceeds as follows: the shaft 2 of the portioning unit lb Is 
firstly rotated through 180', which results in the respective catalyst-filled depression 3a. 3b being 
connected to the metering space and the catalyst drops in front of the valve unit 1c. Only then 
10 does the valve unit 1c open the connection between the metering space and the reactor 5, so that 
the inert gas, which is under superatmospheric pressure, conveys the catalyst into the reactor 5. 
After an opening time of from 0.1 to 30 seconds, the valve unit 1c closes again. 

A further embodiment of the metering apparatus Is shown in figure 6, in which nitrogen or another 
15 inert gas can additionally be fed Into the valve unit 1c via the connecting line 7c In order to 

increase the inert gas flow. In this variant, the formation of the gas bubble during preblovying can 
be improved by the additional inert gas flow, which is particulariy advantageous when the fluidlzed 
bed has a relatively high density. The additional inert gas stream can either be completely shut off 
or maintained at smaller gas flows during the subsequent introduction of the catalyst. 
20 Furthermore, continuous preblowing can be brought about in a simple manner. 

The variant of the valve unit which is shown in figure 7 likewise has a metering point 10 which 
projects beyond the reactor wail 9. In addition, an Inert gas metering point 12 which likewise 
projects beyond the reactor wall 9 is provided for preblowing of nitrogen. The Inert gas metering 

25 point 12 and the metering point 10 are formed by concentric tubes through which the inert gas or. 
if desired, another fluid and the metered addition of the catalyst occurs. The open end of the inner 
tube facing the interior of the reactor forms the metering point 10 of the catalyst, while the inert 
gas is passed into the reactor 5 through the outer tube. The inert gas metering point 12 is 
configured as an annulus In this case. As a result of this arrangement, introduction of the inert gas 

30 creates a relatively large particle-free region into which the catalyst is subsequently metered, 
likewise with the aid of inert gas. Apart from an annular configuration of the inert gas metering 
point 12, It is also possible for a plurality of, for example, ring-segment-like or round metering 
points to be arranged in a ring around the metering point 10. 

35 All embodiments can be operated with the aid of an Inert gas such as nitrogen. However, 

metering can also be carried out using other Inert fluids such as propane which are in liquid form 
in the lines 7b and 8b but vaporize immediately in the reactor 5 after passing through the valve 
unit 1c. Preblowing by means of propane and catalyst metering by means of nitrogen is also 
possible. 
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When propane is used, it is also advantageous to operate the reactor using only propane as Inert 
component In the circulated gas. Using propane instead of nitrogen In the circulated gas 
increases the heat capacity of the circulated gas and the gas density. In this way, the production 
rate of the reactor can be increased by up to 40% In comparison to operation using nitrogen as 
5 inert component at the same temperature difference between reactor inlet temperature and 
reactor outlet temperature. 

A further embodiment of the metering apparatus is shown in figure 8. The metering point 10 is at a 
distance of at least 1 cm from the interior wall of the reactor. The depicted variant of the metering 

10 apparatus is operated exclusively with continuous preblowing. The valve unit 1c is omitted in this 
case. The continual stream of inert fluid prevents intrusion of the gas from the reactor 5 into the 
metering space. As Inert fluid, preference Is given to using nitrogen or propane. The propane is in 
liquid form In the lines 7b and 8b, and vaporizes at the metering point under the conditions 
prevailing in the reactor and thus forms a gas bubble, i.e. an essentially particle-free zone, in the 

15 fluldized bed. 

The present Invention has been Illustrated with the aid of five embodiments of advantageous 
rhetering apparatuses. However, it must be emphasized that the Invention is not restricted to 
these. Rather, other metering apparatuses which make it possible to carry out preblowing by 
20 means of inert gas or another fluid can also be used for performing the present Invention. 

Example 1 

An HDPE product having a density of 0.950 g/cm^ and 0.956 g/cm^ and a melt flow rate MFR 
25 (190"C/2.1 6 kg) of 0.3 g/10 min. determined in accordance with ISO 1 1 33, was in each case 
prepared in a gas-phase fluidized-bed production reactor at an output of 20 t/h, a reactor 
temperature of 1 1 5.5**C and a reactor pressure of 2.1 MPa (21 bar). As catalyst, use was made of 
a titanized chromium catalyst (silica gel support, particle size: 50 //m). 

30 The catalyst was metered In using the metering apparatus depicted in figures 1 4o 3 and the hovel 
metering method described for this using nitrogen as fluid for preblowing and for metering In the 
catalyst. The delay time was 2 s, and the total opening time of the valve unit was 10 s. 

After changing over to the metering method of the present invention, no temperature rises due to 
35 hot spots or deposits on the temperature probes were observed over a period of 20 days, while 
metering according to the prior art resulted in temperature rises at the temperature probes 
occurring within 3 days and leading to shutdown of the reactor. Surprisingly, a productivity 
Increase of from 1 5 to 20% was found when using the metering method of the present invention. 
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Example 2 

Polyethylene having a density of 0.937 g/cm^ or 0.942 g/cm^ and a nnelt flow rate MFR 
(190*C/21.6 kg) of 6 or 12 g/10 mln, determined in accordance with ISO 1133, was prepared in a 
5 gas-phase fluidized-bed production reactor at an output of 25 t/h, a reactor temperature of 1 13 or 
lU.S^'C and a reactor pressure of 2.1 MPa (21 bar). As catalyst, use was made of a chromium 
catalyst (silica gel support). 

The catalyst was metered in usirig the metering apparatus depicted in figures 1 , 2 and 4 and the 
10 novel metering method described for this using nitrogen as fluid for preblowlng and for metering in 
the catalyst. The delay time was 2 s, and the total opening time of the valve unit was 10 s. 

After changing over to the metering method of the present invention, the catalyst productivity rose 
byfrom10to15%. 

15 

Example 3 

Polyethylene having a density of 0.918 g/cm^ and a melt flow rate MFR (190**C/2.16 kg) of 
1 - 4 g/10 min, determined in accordance with ISO 1 133, was prepared in a gas-phase fluidized- 
20 bed pilot plant reactor at an output of 55 kg/h. a reactor temperature of from 85 to 92°C and a 
reactor pressure of 2.1 MPa (21 bar). As catalyst, use was made of a highly active metallocene 
catalyst supported on silica gel. 

When using the metering method of the prior art with nitrogen for metering in the catalyst, lumps 
25 with catalyst inclusions and deposits on the reactor wall occurred within 24 hours as a result of hot 
spots. Lumps and deposits led to shutdown of the reactor. 

When the metering apparatuses depicted in figures 1, 2 and 4 and the metering method 
described for this using nitrogen as fluid for preblowlng and for metering in the catalyst were 
30 employed, the process could be operated using the same highly active metallocene catalyst 
supported on silica gel without lumps or deposits on the reactor wall occurring. 

Example 4 

35 Polyethylene having a density of 0.937 g/cm^ and a melt flow rate MFR (190X/21 .6 kg) of 

11-13 g/10 mln, determined in accordance with ISO 1133, was prepared in a gas-phase fluidized- 
bed pilot plant reactor (0.5 m reactor diameter) at an output of 60 kg/h, a reactor pressure of 
2.1 MPa and a reactor temperature of 1 13**C. As catalyst, use was made of a chromium catalyst 
(silica gel support, mean particle diameter: 50 pm). 
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When the metering apparatus depicted in fig. 8 was employed and operated using propane and 
nitrogen was replaced by propane as inert component in the reactor gas, the reactor could be 
operated without problems for a weel<. 

5 Compared to operation using nitrogen and metering without preblowing, a 10-15% higher 

. productivity and a temperature difference between reactor inlet and reactor outlet reduced by 40% 
were found at the same ethylene partial pressure. 
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List of reference numerals 

1a Reservoir unit 

lb Portioning unit 

5 1c Valve unit 

2 Shaft 

3a, 3b Depressions 

4 Hollow space 

5 Reactor 
10 6 Spindle 

7a, 7b Connecting line 

da; 8b Feed lines 

9 Interior wall of reactor 

10 Metering point 
15 11 Fluldizedbed 

12 Inert gas metering point 

13 Nozzle 

14 Flange 
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We claim: 

1 . A method of metering at least one solid, particulate catalyst and/or process auxiliary into a 
reactor (5) containing a fluidlzed bed (1 1 ) of particles in an at least partly gaseous medium, 

5 in which the catalyst and/or process auxiliary is metered discontinuously at prescribed time 

intervals Into the fluidlzed bed (1 1) at at least one metering point (10), wherein a fluid 
stream is In each case introduced Into the reactor (5) so that a region having a reduced 
particle density Is formed in the fluidlzed bed (1 1 ) around the metering point or points (1 0) 
and the catalyst or catalysts and/or process auxiliary or auxiliaries is/are subsequently 

10 metered into this region. 

2. A method as claimed in claim 1, wherein the fluid stream is a gas stream. 

3. A method as claimed in claim 1 , wherein the fluid stream is a liquid stream and the liquid 
15 vaporizes under the conditions prevailing in the reactor (5). 

4. A method as claimed in any of the preceding claims, wherein the region having a reduced 
particle density has a particle density of less than 0.1 g/cm^ in particular less than 

0.01 g/cml 

20 

5. A method as claimed in claim 4, wherein the region having a reduced particle density is 
substantially free of particles. 

6. A method as claimed in any of the preceding claims, wherein the fluid stream Is introduced 
25 discontinuously for a period of from 0.5 to 60 s and the catalyst Is metered in after a delay 

of from 0.5 to 3 s after commencement of the introduction of the fluid stream. 

7. A method as claimed in any of claims 1 to 5, wherein the fluid stream is introduced 
continuously. 

30 

8. A method as claimed in any of the preceding claims, wherein at least one solid, free-flowing 
catalyst suitable for the polymerization of a-olefins Is used. 

9. A method as claimed in any of the preceding claims, wherein the fluid stream Is formed by 
35 one or more inert gases from the group consisting of Ca-Ca-alkanes and N2. 

1 0. A method as claimed in any of the preceding claims, wherein the catalyst is introduced at a 
distance (x) of at least 1 cm from the Interior wall (9) of the reactor (5). 
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11. A method as claimed in any of the preceding claims, wherein the catalyst Is introduced Into 
the reactor (5) by means of the fluid stream. 

12. A method as claimed in any of claims 1 to 10, wherein the fluid stream is introduced into the 
5 reactor (5) essentially concentrically around the metering point (1 0) for the catalyst and the 

catalyst is introduced at the metering point (10) with the aid of a further fluid stream. 

13. A method as claimed in claim 12, wherein the fluid stream is introduced at a distance (y) of 
at least 1 cm from the interior wall (9) of the reactor (5). 

10 

14. A continuous polymerization process for preparing ethylene and propylene homopolymers 
and copolymers, in which ethylene, propene or mixtures comprising ethylene or propene 
and other Ca-Ce-a-olefins are polymerized at from 30 to 150^*0 and a pressure of from 0.5 
to 6 MPa in the presence of a catalyst in a gas-phase fluidized-bed reactor (5) containing a 

1 5 fluidized bed (1 1 ) of finely divided polymer, wherein a method for metering the catalyst 

and/or process auxiliary as claimed in any of the preceding claims is employed. 

15. An apparatus for carrying out the method as claimed in any of claims 1 0 to 1 3, comprising 

20 - a gas-phase fluidized-bed reactor (5) containing a fluidized bed (1 1 ) of particles in a 

reactor gas, where the reactor (5) has a wall (9) which is an-anged essentially parallel 
to the flow direction of the reactor gas and bounds the fluidized bed, 

at least one reservoir unit (la) for storing at least one catalyst and/or process 
25 auxiliary, 

a portioning unit (1 b) for providing portions of the catalyst and/or process auxiliary in 
a prescribed amount, which is connected to the reservoir unit or units (la) by a first 
connecting line (7a), 



30 



35 



a valve unit (1c) for introducing the portions of catalyst and/or process auxiliary into 
the fluidized bed of the reactor (5) at at least one metering point (10), where the 
vglve unit (Ic) is connected to the portioning unit (1b) by a second connecting line 
(7b) and is connected to the reactor (5) at the metering point or points (10), 

a fluid feed line (8a, 8b) through which a fluid, in particular an inert gas, can be feed 
to the reservoir unit (la) and the second connecting line (7b), 
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wherein the metering point or points (10) is/are at a distance of at least 1 cm from the wall * 

(9) of the reactor (5). 

16. An apparatus as claimed in claim 15. wherein the metering point (10) is at a distance of 
5 from 2 to 1 00 cm from the wail (9) of the reactor (5). 

17. An apparatus as claimed in claim 15 or 16, wherein at least one further metering point (12) 
for a fluid stream Is provided essentially in the form of an annulus around the metering point 

(1 0) for the catalyst and/or process auxiliary. 
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Fig. 1 
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Fig. 6 
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